
HQ01d magnetic measurement 

and next steps

LARP ïCM16
XiaorongWang, LBNL

Collaboration between FNAL, BNL and LBNL



Topics

ÅMeasurement overview.

ïMagnet, hardware and data reduction.

ÅHQ01d observations.

ï70 K and 4.5 K z scan.

ÅTwo measurement systems used for 70 K meas.

ï4.5 K measurement.

ÅStair-step: harmonics at 120 T/m.

ÅRamping current: ramp-rate dependence.

ÅSummary of the initial discussion on 5/16/11.

ÅDiscussion on the plan for field quality study.
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HQ01d magnetic measurement

HQ01d magnet

Magnet Conductor (RRP) dsub(ɛm)

TQS02
54/61 70

LQS01

HQ01d
Coil 5&7: 108/127 50

Coil 8&9: 54/61 70

ÅHQ collaboration between 
FNAL, BNL and LBNL.

ï1-m long, 120-mm bore.

ÅAlignment collars:

ï6061-T6 Aluminum alloy 
(1.4 ɛÝ-cm at 4 K).

ï50 mm thick lamination.

Å4.5 K conductor limit:

ï17.3 kA Ic.

ï195 T/m gradient.

ÅHQ01d conductor 
asymmetry.
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ÅMagnet tested vertically.

ÅProbe rotating in an 

anti-cryostat with 

embedded heater.

ï49 mm bore, 2.3 m long.

ÅProbe rotating in one 

direction (slip-ring).

ïSpeed ~ 0.5 Hz.

ï4096 positions/turn.

Test system at LBNL

coil lead end

schematic not to scale
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Å Circuit-board probe developed by FNAL was used.
ï 2 radial coils on a circuit board, 100 mm and 250 mm long.

ï ~ 21.55 mm radius for the outermost trace.

ïMore details can be found in J. DiMarcoôspresentation1.

HQ01d magnetic measurement

Rotating probe from FNAL

1J. DiMarco, Rotating Circuit Board Probes for Magnetic Measurements, IMMW 15, FNAL, Aug. 2007. 

http://tdserver1.fnal.gov/immw15/

100 mm coil 250 mm coil
Temp. sensor Onboard amps

G10 shell (47.6 mm OD, 0.7 mm clearance)

Micro connector

Bearing cartridge w/ buttons
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Data acquisition

ÅVoltage-based system
ïProbe voltage simultaneously sampled by NI 4472B.

ïNumerical integration to construct the angular flux profile.

ÅHybrid system (mainly normal-state measurement)

ïNI 4472B // FDI 2056 (Metrolab).

ïNumerical vs. ñhardwareò integration.

HQ01d magnetic measurement

FDI 2056

NI 4472B

Front-end amplifiers 

for NI 4472B

Encoder output
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Data reduction

ÅFlux-drift correction:

ïAmplifier offset.

ïRampingtransportcurrent.

ÅFeed-down correctionby zeroingthe measureddipole
componentin theunbuckedsignal.

ÅB2 from thedipole-buckedsignalasthemainfield.

ÅReferenceradius:

ïMagneticstraightsection: 40mm (2/3 magnetboreradius).

ïCoil end: 21.55 mm (radiusof the outermosttraceof the
rotatingcoil, 36% of themagnetboreradius).

ÅHarmoniccoefficientsnormalizedto the centralB2 (A2

= 0).
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Z-scan measurement protocol

ÅRamp up the current to the desired level.

ïProbe rotating in the magnetic center.

ÅScan along the bore.

ïProbe moving up and down.

ÅRamp down the current.

ïProbe rotating in the magnetic center.

ÅFive measurements (rotations) at each z
location.

ïAveraged results reported. Error bars indicating the 
spread of 5 measurements.

HQ01d magnetic measurement5/18/2011, CM16 XRWang@lbl.gov 9



HQ01d magnetic measurement

100 mm, z-scan, transfer function

70 K, 30 A 4.5 K, 9 kA

ÅReturn end missed. 

ÅAt 9 kA: measured main field slightly lower than calculation (98.7%).

ÅConstant offset, 0.3 T/m/kA,  for z > 500 mm (current leads/junctions).
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HQ01d magnetic measurement

100 mm, z-scan, b6, Rref = 21.55 mm

70 K, 30 A 4.5 K, 9 kA

ÅGood agreement between FDI and NI4472B.

Å70 K: 4.76 ± 2.38 units (Rref = 40 mm). 

Å9 kA calculation for geometric harmonics only. Measurement 

performed at the up-ramp (no down-ramp measurement made).
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HQ01d magnetic measurement

100 mm, z-scan, b10, Rref = 21.55 mm

70 K, 30 A 4.5 K, 9 kA

ÅLow signal/noise ratio at 30 A for b10 (current/temperature, probe).
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Stair-step measurement overview

ÅProtocol
ïProbe rotating at the magnetic straight section.

ïCurrent ramp to a certain current level.

ïHold for > ~ 120 s (still taking data).

ïScan at the straight section: 3 locations.

ïRamp to another current level (20 A/s).

Å Four attempts for the 100 mm probe:

Test
Up-ramptarget (kA) Down-ramp target (kA)

9 10 11 12 13 12 11 10 9 7 5

PQ08 x x

PQ09 x

A26 x x x

PQ13 x x x x x x x x
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100 mm, stair-step scan locations

z = -170 mm -70 mm 30 mm

HQ01d magnetic measurement

100 mm probe
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100 mm, stair-step, b6, Rref = 40 mm

105 128 140 1521178259 Gradient (T/m)

HQ01d magnetic measurement

78% Iss
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ÅBased on 100 mm coil stair-step measurements.
ïz= -70 mm.

ïDown-ramp data linearly interpolated between 10.1 kA and 
11.2 kA.

HQ01d magnetic measurement

Harmonics at 120 T/m, Rref = 40 mm

Up-downaveraged Up-ramp only

n Normal (bn) Skew (an) Normal (bn) Skew (an)

3 0.21 -3.17 -0.51 -3.44

4 -0.63 -4.16 -0.66 -4.30

5 0.93 0.33 1.74 0.44

6 5.61 -0.17 3.77 -0.17

7 0.96 -0.57 1.30 -0.44

8 0.44 0.02 0.26 0.39

9 -0.12 0.30 0.23 0.72

10 1.88 4.23 1.04 2.32
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Continuous loop measurement

HQ01d magnetic measurement

Å100 mm probe rotating at the magnetic center.

Å50 A/s below 3 kA. Quench at 5 kA before next loop. No pre-cycle.
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100 mm, transfer function

HQ01d magnetic measurement

50A/s
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100 mm, b6, Rref = 40 mm

HQ01d magnetic measurement

50A/s
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10 A/s w/o pre-cycle vs. stair-step, transfer function
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10 A/s w/o pre-cycle vs. stair-step, b6, Rref = 40 mm
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100 mm, up-ramp of training quenches, b6, Rref = 40 mm

HQ01d magnetic measurement

10 A/s, 86% Iss

35 A/s, 83% Iss

50 A/s, 73% Iss

ÅRamp-rate dependence (seen at 80% Iss)

80% Iss
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Summary of the discussion on 5/16/11

ÅPerformance during the up ramp relevant to the operation.
ïReproducibilityof  multiples @ 10 A/s. To do in future 

measurements.

ÅProbe with large diameters should be implemented. 
ïGood performance of existing PCB probe.

ïIncrease from 44 mm diameter (HQ01d meas.) to > ~ 80 mm.

ïAnti-cryostat modification.

ïCheck/coordinate with CERNôs instrumentation plan.

ÅHQ01d results study
ïBetter understanding of dynamic effects through calculation 

(also for future measurements), e.g.,
ÅMagnetization modeling based on strand magnetization measurement.

ïSpikes
ÅMore measurements at low and high ramp rates.
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Discussion for future field quality study

ÅWhat are the requirements/important questions?

ÅWhat can be learned from HQ01d (and 

TQ/LQ)?

ïIssues that can be identified.

ÅWhat remains to be answered?

ÅWhat needs to be done (time and priorities)?

ïMid- and long-term items. 

ïNear-term for HQ01e.

ÅMeasurement plan.
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Items that should be addressed

ÅExperimental/hardware:

ïLarge probe: whatôs the optimal diameter? (> 80 

mm for 120 mm magnet bore, 92 mm is possible at 

LBL)

ïStrand magnetization measurement.

ïAnything else?

ÅCalculation/analysis:

ïDynamic effect (persistent current, eddy currenté)

ïAnything else?
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Backup slides

ÅProbe location during the z scan.

ÅTQ/LQS results.

ÅRamp-rate effects.
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Probe location during the z-scan

HQ01d magnetic measurement

Lead endReturn end

Pizza box

z (mm)0

anticryostat

Probe

480- 480 200- 200
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HQ01d magnetic measurement

TQ/LQS ramp-rate dependence

G. Velev, et al. IEEE TAS 18(2), 2008, p. 184 G. Velev, et al. IEEE TAS 2010, in press.

ȹTF of TQC and TQS ȹb6 of TQC, TQS and LQS
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